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9¥MTc(V)-DM SA scintigraphy in monitoring the response
of bone disease to vitamin Dz therapy in renal osteodystrophy
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Renal osteodystrophy (ROD) is a common and serious complication for uremic patients and
patients are treated with 1,25-dihydroxyvitamin Ds. The bone scanning agent *™Tc-phosphate has
also been used to evaluatein ROD but it is not clear that bone scintigraphy hasarolein the follow-
up of treatment. In this study *™T¢(V)-DMSA scintigraphy was performed in eleven patients [age
40.7 + 17.3 (mean + SD) yr] with ROD before and after vitamin D3 therapy. |mages were obtained
after hemodialysis performed following tracer injection to maintain normal blood levels of the
radiopharmaceutical and to reduce soft tissue activity. Lumbar vertebra-to-soft tissue uptake ratios
(LUR) were quantified with the planar ®™Tc(V)-DMSA images. Alkaline phosphatase and
parathyroid hormone levels after treatment had significantly decreased compared with pre-therapy.
Inall patientstherewasvisually decreased uptake in bone structures after treatment. After treatment
the mean LUR ratio was significantly lower than those of before treatment (3.59 + 2.63 vs. 1.65 =
0.62; p=0.01). LUR vaueswere correlated with pre-therapy alkaline phosphatase and parathyroid
hormone. These findings indicate that ®°™T¢(V)-DMSA scintigraphy is sensitive in evaluating the

response of ROD to vitamin D3 therapy.
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INTRODUCTION

ReENAL osTEODYSTROPHY (ROD) isacommon and serious
complication for uremic patients. Theimportance of ROD
treatment became more prominent when the number of
hemodialysis patients increased tremendously in many
countriesand asthe average life span has been prolonged. A
widely used treatment in patients with ROD is vitamin Da.

The bone scintigraphy agent %™ Tc-labeled phosphate
has been used to evaluate ROD* but some authors have
suggested that this scan did not provide any diagnos-
tically>® and therapeutically useful information.®’
Recently, a case has been presented in which ®™Tc(V)-
DMSA (pentaval ent technetium-99m dimercaptosuccinic
acid) scan appeared to be more sensitive than the *™Tc-
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HMDP bone scan in assessing the therapeutic effect of
bone disease in ROD.2

9¥mTc(V)-DMSA is atumor-seeking agent previously
reported to be effective in detecting malignant tumors and
inflammatory lesions. The similarity between ®™Tc(V)-
DM SA and **™Tc¢ methylene diphosphonate (*"Tc-MDP)
uptake in skeletal metastases and benign bone lesions,
where bone metabolism is increased, has also been re-
ported in several studies.®®12 The aim of this study was
to evaluate the potential of **™Tc¢(V)-DMSA bone scin-
tigraphy in determining response of bone disease to
vitamin D3 therapy in ROD.

MATERIALSAND METHODS

Patients: The study received approval from the local
district health authority ethics committee. Eleven patients
(4 male and 7 females) aged 22-65 years (40.7 = 17.3)
wereincluded in the study. Nine patients were on hemo-
diaysis (HD) and two on peritoneal dialysis. All patients
were ambulant. The mean duration of dialysiswas 60 = 40
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months (range: 32-156). All patients had renal parenchy-
mal pathology, and some had other systemic diseases
such as diabetes mellitus and systemic sclerosis were
excluded.

Vitamin D3 therapy: All patients were treated with
1,25-dihydroxyvitamin D3 by iv injection, mean dosage
4.5 + 1.3 ug/day (range 3-6 ug) three days a week for
6 months, after which they were treated by peroral, mean
dosage 2.5 + 3.4 ug/day (range 1-12 ug) for 4 to 10
months.

Radiology: Radiographs of the hand, pelvis, lumbar
and shoulder regions were examined for subperiosteal
erosions and L ooser’ s zones.

Blood analysis: Venous blood was analyzed for
calcium, phosphate, alkaline phosphatase and parathy-
roid hormone.

Measurement of bone mineral density (BMD): BMD
of the lumbar spine was assessed by dual energy X-ray
absorptiometry (DEXA) (Norland Medical Systems).
BMD measurement was performed before and one-year
after vitamin D3 therapy.

Preparation of ®"T¢(V)-DMSA:  The home made
lyophilized DMSA(1I1) kit contains 1.1 mg DM SA, 1.26
mg NaHCOs, 0.75 mg ascorbic acid, and 0.2 mg SnCl»
2H20. At the time of use, 0.2 ml of a 3.5% NaHCOs
solution was injected into the vial. The contents were
dissolved completely by gentle mixing and 2 or 3ml 740
MBq ®"Tc- pertechnetate was added to the vial. During
preparation, the pH of the solution was checked to ensure
that it was between 8.5 and 9.

Scintigraphy:  %°™T¢(V)-DMSA scintigraphy was
performed before and 12—-16 months after vitamin D3
therapy. Scintigraphic images were obtained 4 h after iv
injection of 370 MBq of *™T¢(V)-DMSA. Before scin-
tigraphy, increased soft-tissue activity due to the absence
of renal radiotracer excretion was reduced by hemodialy-
sis.?? Scintigraphy was performed with a large field of
view gamma camera (Philiphs diagnost tomo) equipped
with alow-energy, parallel-hole, high-resolution colli-
mator, and a 20% energy windows centered on 140 keV.
Images were acquired in a 128 x 128 pixel matrix for 5
min. Scintigraphic assessment was done by visual and
semiquantitative interpretation. The semiquantitative
analysis was performed in a blinded fashion one week
later. On the pre-treatment image, the most active lumbar
vertebrawas selected for regions of interest (ROI) place-
ment and the same vertebra was used for post-treatment
evaluation. In some cases, contrast enhancement of im-
ages was performed to facilitate the selection of the same
vertebra. Lumbar vertebra-to-soft tissue uptake ratios
(LUR) were quantified with planar *™Tc(V)-DMSA im-
ages, on which were drawn a ROI of 3 x 3 pixels. No
background substraction was used. Because these ratios
could be affected by increases in body weight and fluid
content during the therapy period, LUR was normalized
to the body surface area.
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Tablel Clinical and laboratory dataof patients

Age o O'?‘ﬁ'g‘s ALP* PTH¥*  Carrr  proes

(v mo) U (pgml) (mg/dl) (mg/d)
1 61 F 3 260 345 108 45
2 53 F 22 40 729 91 48
3 2 F 9% 2312 1282 102 60
4 2 M 60 30 85 92 81
5 30 F 15 764 1206 87 68
6 24 M 3 182 252 87 30
7 40 M 59 849 1473 94 59
8 24 M 24 83 751 93 57
9 45 F 108 511 64 86 60
10 65 F 39 358 190 100 82
11 62 F 30 82 50 87 38

ALP: Alkaline phosphatase; *normal range: 225-450 U/I; PTH:
Parathyroid hormone; **normal range: 14-72 pg/ml; Ca: Cal-
cium; ***normal range: 9.0-10.7 mg/dl; P: Phosphate, ****
normal range: 1.6-6.8 mg/d|

Satistical analysis:  Clinical and laboratory data are
expressed as the mean + standard deviation and median
value. The Wilcoxon matched test was used to analyze
differences between the pre- and post-treatment segmen-
tal data, and these data are expressed as the median and
range. Spearman’ s rank correlation coefficient was used
to assess the relation between the laboratory data and
LUR. A p-value <0.05 was considered significant.

RESULTS

Clinica and laboratory data of patientsare summarizedin
Table 1. Theradiographic diagnosis were osteoporosisin
eight patients, osteomalacia in two patients and normal
findings in one patient. Post-therapy *™Tc(V)-DMSA
scan visually revealed decreased uptake in bony struc-
tures of all patients when compared to pre-therapy. The
mean LUR ratio was significantly lower than those before
treatment (3.59 = 2.63 vs. 1.65 + 0.62; p = 0.01) [Fig. 1
(case 9)-Table 2].

ALP and PTH values of after vitamin D3 treatment
were significantly lower than those before treatment (p =
0.03 and 0.01, respectively). There was no differences
between pre- and post-therapy serum Ca and P levels
(Table 2). LUR values were correlated with pre-therapy
ALP and PTH values (r = 0.76, p = 0.009; r = 0.66, p =
0.007, respectively). There was no correlation between
scintigraphic indices and serum Ca-P levels pre- and post-
therapy.

BMD measurement was performed before and one-
year after vitamin D3 therapy. The mean BMD values
after treatment were significantly higher than those before
treatment (0.711 = 0.102 g/cm? vs. 0.804 = 0.116 g/cm?,
p =0.04).
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Fig. 1 9MT¢(V)-DMSA scintigraphy on posterior lumbar area (A) before, and (B) at six months after
initiation of vitamin D3 therapy (case 9). Diffusely increased tracer uptake is noted on the regional bones
(LUR: 2.66). At six months after initiation of vitamin D3 therapy, ™ Tc(V)-DMSA scintigraphy
revealed decreased bone uptake compared to pre-treatment (LUR: 1.65).

Table2 Scintigraphic indices and laboratory data before and after D3 therapy

LUR ALP PTH Ca P BMD
(C) (pg/mi) (mg/di) (mg/di) (glen?)
Pre-therapy 359« 2.63 844+654  751x423 934075 57x17 071010
Post-therapy ~ 1.65= 0.62 339201  297+238 112:184 55x16 080011
P-value 0.01 0.03 0.01 NS NS 0.04

LUR: Lumbar vertebra-to-soft tissue uptakeratio; ALP: Alkaline phosphatase; PTH: Parathyroid hormone; Ca:
Calcium; P: Phosphate; BMD: Bone mineral density, NS: Non-significant

DISCUSSION

Bone disorders resulting from abnormalities in mineral
metabolism are common in patients with renal disease.
The use of dialysis treatment has resulted in prolonged
survival of patients with end stage renal failure, but some
problems such as ROD have appeared. Renal osteodys-
trophy may present with awide spectrum of bonelesions,
ranging from high bone turnover to low bone turnover.
Decreased serum calcium and 1,25-dihydroxyvitamin D
synthesis and retention of phosphate are involved in the
pathogenesis of high bone turnover.2* Administration of
the active vitamin D analogs, 25(0OH)Ds3, 1,25(0H)2D3
and 1a(OH)Ds3, to uremic patients with symptomatic
bone disease is capable of reversing many of the abnor-
malities of divalent ion metabolism.1516

A reliable diagnosis of metabolic bone disease can be
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obtained from atransiliac bone biopsy (BB), but thisisan
invasive procedure unsuited for repeated routine use.
Biochemical and radiological investigations!’ are used to
try to identify ROD. The biochemical findings are vari-
able!8 and they have not proven to be specific or sensitive
enough to effectively determine the potential value of a
specific therapeutic regimen.1® In the present study, ALP
and PTH values after vitamin Dz treatment were
significantly lower than those before treatment. MRI isa
potentially useful tool for evaluating the bone changes of
renal osteodystrophy.2%21 BMD isauseful tool for assess-
ing bone density in patients with ROD.222 BMD deter-
mines the amount of bone mass present at the time of the
study, but it does not indicate the rate at which bone is
lost.?® In such asituation, there are no biochemical or
radiological markers capable of totally replacing the BB
in the diagnosis of ROD.
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Bone scan with %™T ¢-|abel ed phosphate has been used
to diagnose ROD.** The most common appearance is of
generalized increased tracer uptake throughout the skel-
eton, asin other metabolic disorders.?*?> Bone scintigra-
phy can also help to detect the presence, severity and
extent of skeletal involvement.8 In clinical practice,
quantitation of bone scanning proved disappointing in
metabolic bone disorders.?® Several methods such asthe
bone-to-soft tissue ratio (BSR) and 24 hr whole body
retention of diphosphonate (WBR) have been proposed to
measure quantitative radiophosphate uptake. Measure-
ment of BSR for the individual is of limited value in
clinical practice since there is appreciable overlap be-
tween results for individual patients and the control
range.?” Measurement of 24 hr WBR for quantitation has
been shown to be helpful, but in practice is seldom
performed except in research protocols.?® In addition to
this, WBR measurement is only of value in patients with
normal renal function and change with age, and there are
major quantitative differences between the various
diphosphonates.?®® Kidaet al .* observed that semiquanti-
tative analysis, with different color scales, of whole-body
bone scintigraphy was useful in assessing patients with
ROD. In contrast, it has been suggested by some authors
that bone scintigraphy with %°™Tc-labeled phosphate did
not provide any diagnostic>® or therapeutically®” useful
information in patients with ROD. There was no consen-
sus as to the clear usefulness of bone scintigraphy in the
follow-up of ROD.

Israel et al 3! reported that measurement of bone turn-
over by means of quantitative bone SPECT (QBS) is
potentially useful in predicting bonelossin patients with
chronic renal disease. Although QBS to measure bone
turnover isanoninvasive, accurate and precise in vivo test
to determine the rate of boneloss before alarge amount of
boneis lost,3%? its clinical useis not practical. Positron
emission tomography (PET) imaging of bone with
[*8F]fluoride ion has also been used to evaluate ROD,
but this is an expensive and rarely available tool for
routine use.

The striking similarity between ®™T¢(V)-DMSA and
99MTc-MDP uptake has been reported in many articles. A
structural similarity between the technetium core in
9mT¢(V)-DMSA and the orthophosphate ion has been
described.3* The tracer has been shown to bind to bone
mineral analogs in vitro.%® Higuchi et al.® recently de-
scribed a patients with ROD with increased bone uptake
on both ®MT¢c-HMDP and *™T¢(V)-DMSA scans. After
vitamin D3 pulse therapy, there was no obvious change
in the ®°™Tc-HMDP scan but clearly decreased bone
uptake was observed with ®"T¢(V)-DMSA. The use of
9mT¢(V)-DMSA scan has been reported in a patient’s
Paget’ s disease of bone before and after pamidronate
therapy.'? It has been shown that *™Tc¢(V)-DMSA scan
was a useful method to achieve a therapeutic effect of
pamidronate. In our study group eleven patients with
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ROD underwent *MTc¢(V)-DMSA scan before and after
vitamin D3 therapy. ®™T¢(V)-DMSA scan post-therapy
visually revealed decreased tracer uptake in the skeletal
bones, and the mean LUR ratio was significantly lower
than those before treatment. Determination of visually
different appearances in pre- and post-therapy scansis
important, since use of the bone to soft tissue ratio is
difficult in clinical practice.?” According to these findings
9MT¢(V)-DMSA scan is sensitive and can be used in
assessing the response of ROD to vitamin D3 therapy.
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